Incorporation of urea moiety in the synthesis of C-terminal neoglycopeptides has been demonstrated through the reaction between suitably protected glycosylamine and Fmocpeptidyl isocyanates or carbamates. Curtius rearrangement has been made use off for the conversion of peptidyl acid azides in to corresponding isocyanates. The resulting C-terminal neoglycopeptidylureas have been isolated as stable solids which are fully characterized by 1 H NMR and mass spectroscopy.
INTRODUCTION
Synthesis of glycopeptides has received much attention in recent years (Taylor, 1998; Kunz, 1987) . This is because the glycosylation of peptides modifies many of the biological properties of natural peptides and hence enhances their biological and therapeutical use. For instance, the glycosylation of natural peptide has been shown e.g. to influence intercellular transport of enzymes (Salvador et al., 1995) and protection against proteolysis. In an attempt to further increase the utility of glycopeptides, a new class of molecules called ''neoglycopeptides'' (Boons, 1998) has been developed and is gaining much more synthetic and therapeutical attention.
Neoglycopeptides, a class of modified glycopeptides containing a peptide segment linked to a carbohydrate through a non natural linkage are finding increasing utility in recent years as alternative molecules for their natural analogs as former have shown to fulfill the carbohydrate requirement of the body more efficiently. They can improve the absorption of poorly bio-available drugs and peptides by enhancing membrane transport . Urea moiety has become one of the fundamental functionality for the replacement of peptide bond in peptidomimetics (Castro et al., 1996) . In medicinal chemistry, urea bond has been used as critical structural element in enzyme inhibitors and potent analogs of peptide drugs (Maya et al., 2003) .
The urea moieties are known for their strong hydrogen bonding capacity and this property is expected to make the glycopeptidylureas more water soluble than natural glycopeptides and hence acquire wide utility in various biological functions. In one of the earlier report for the synthesis of urea linked neoglycopeptides (Ichikawa et al., 2006) , a coupling reaction was employed between glycosyl isocyanate and peptidyl esters. Such protocols involve conversion of glycosylamine to the corresponding isocyanate by the use of phosgene or triphosgene (Avalos et al., 2006) . In a different approach, the preparation of urea linked glycosylated amino acid derivatives of isoserine (Spengler et al., 2006) was carried out by the reaction between glycosylamine and N-terminal isocyanate of suitably protected isoserine (Bottcher et al., 2003) . These steps are synthetically less attractive because they involve difficult to handle toxic reagents and give low yields. Here we describe a simple and efficient solution phase synthesis of C-terminal neoglycopeptidylureas through the reaction between protected glycosylamine and Fmoc peptidylisocyanates.
MATERIALS AND METHODS
All solvents were freshly distilled before use. Amino acids were used as received from Sigma-Aldrich Company. Melting points were taken on a Buchi model 150 melting point apparatus in open capillaries. IR spectra were recorded on a Nicolet model impact 400 D FT-IR spectrometer (KBr pellets, 3 cm )1 resolution). 1 H spectra were recorded on a Bruker AMX 300 MHz spectrometer. High resolution mass spectra (HR-MS) were recorded on Q-Tof micromass mass spectrometer. Mass spectra were also recorded on MALDI-TOF (KRATOS). The Sonic bath is German make (35 KHz, Elma, T 310/H). The microwave reaction was carried out in a LG MS 194 A microwave oven producing microwave radiation with a frequency of 2450 MHz. The microwave oven reaction was specifically carried out at 60% of the total power output, which would correspond to an average power of 720 W.
Synthesis of 2,3,4,6-tetra-O-acetyl-b-Dglucopyranosyl azide A solution of 2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl bromide (0.4 g, 1 mmol) and sodium azide (0.13 g, 2 mmol) in DMF (10 mL) was kept in sonication for 15 min and the reaction was followed through TLC. The reaction mixture was diluted with water and extracted with ethyl acetate. The combined organic layer was washed with water and brine. It was dried over anhydrous sodium sulfate and concentrated under reduced pressure to get the desired compound as white solid.
Synthesis of 2,3,4,6-tetra-O-acetyl-b-Dglucopyranosyl amine A solution of 2,3,4,6-tetra-O-acetyl-b-D-glucopyranosyl azide (0.37 g, 1 mmol) in methanol was stirred with Pd/C (37 mg, 10% wt.) under hydrogen atmosphere at room temperature for 30 min. After the completion of reaction (as indicated by TLC), the reaction mixture was filtered through celite bed and washed with methanol. The filtrate was concentrated under reduced pressure to get the desired compound as off white gummy solid.
The above three steps were repeated in similar manner for other protected sugars as well.
Synthesis of N
a -Fmoc-peptide isocyanates N a -Fmoc-peptide acid (1 mmol) was dissolved in dry THF (10 mL) and cooled in an ice salt bath. N-methylmorpholine (NMM) (1.2 mmol) and ethyl chloroformate (1.2 mmol) were added and the reaction mixture was stirred for 20 min maintaining the temperature at 0°C. Sodium azide (2 mmol) in water (0.5 mL) was added and the reaction mixture was stirred for another 30 min. THF was concentrated and DCM (15 mL) was added. The organic layer was washed with 10% citric acid solution (10 mL), 10% sodium carbonate solution (15 mL), water and brine. It was dried over sodium sulfate and concentrated. The residue was taken in toluene (10 mL) and exposed to microwave irradiation for 45 s. Toluene was evaporated under reduced pressure and the peptide isocyanate was isolated as a solid powder. 
a -Fmoc-peptidyl active carbamate 2,4,5-Trichloro phenol (1.1 mmol) was added to a solution of Fmoc-peptidyl isocyanate (1 mmol) in dry DCM (10 mL) at 0°C followed by NMM (1.5 mmol). It was allowed to warm to room temperature and stirred for another 2 h. Hexane (10 mL) was added and the precipitated compound was filtered, washed with hexane (15 mL) and dried under suction to obtain the title compound as white solids.
Fmoc-Leu-Ala-NH-CO-OTcp 
C-terminal Neoglycopeptidylureas
A solution of N a -Fmoc-peptidyl isocyanate or N a -Fmoc-peptidyl carbamate (1 mmol) in dry DCM (15 mL) was cooled in an ice bath and 2,3,4,6-tetra-O-acetyl-glycosylamine (1 mmol) in dry DCM (10 mL) was added. N-methylmorpholine (1 mmol) was added and the reaction mixture was stirred at same temperature for 2 h. After the completion of reaction, the reaction mixture was washed with 10% citric acid solution (1 · 10 mL), water (2 · 10 mL) and brine (2 · 10 mL). The organic layer was dried over anhydrous sodium sulfate and concentrated under reduced pressure. The residue was recrystallised using ethyl acetate/hexane to get the desired compound as white solid (Table 2) . 
RESULTS AND DISCUSSION
The hydroxyl groups of sugar moiety used were protected either as acetyl or benzoyl esters using acetic anhydride or benzoyl chloride in presence of a base using a known procedure (Furniss et al., 1989 ) (Scheme 1). The resulting protected glycosyl compounds were isolated as stable white solids. The protecting group at C-1 of the glycosyl compound was selectively replaced by bromine by the reaction with HBr in acetic acid (Furniss et al., 1989) . The resulting 2,3,4,6-protected glycosyl bromide was used in the next step directly. The conversion of bromo compound to corresponding azide was carried out under ultrasonication (Deng et al., 2006) . For this, a solution of glycosyl bromide (1 mmol) and sodium azide (2 mmol) in DMF (10 mL) was kept in sonication bath at ambient temperature. The reaction was complete with in 15-20 min as detected by TLC and the corresponding azide product was isolated as white solid after work up. The azides showed a prominent peak at around 2300 cm )1 in IR and can be stored at room temperature for appreciable amount of time without any decomposition (Table 1) . Further, the 2,3,4,6-protected glycosyl azides were reduced to corresponding amines by catalytic hydrogenation using Pd/C (10% wt.) in methanol quantitatively within 30 min. Almost similar steps were employed with appropriate modifications for other saccharides including disaccharide also.
Fmoc-peptide acids (Katritzky et al., 2006) were prepared by the reaction of Fmoc-amino acid with freshly prepared Bis-TMS-amino acid (Tantry et al., 2002) . They were converted to corresponding acid azides via mixed anhydride. The Fmoc-peptidyl azides were subjected to Curtius rearrangement to furnish corresponding isocyanates (Patil et al., 2003; Sureshbabu et al., 2006) by exposing the solution of acid azide in toluene to microwave irradiation for 45 s (Scheme 2). All the peptidyl isocyanates were isolated as stable crystalline solids that can be stored under low temperature for long time.
For the preparation of neoglycopeptidylureas, the protected glycosyl amine was reacted with Fmocpeptidyl isocyanate in presence of a base. In a typical procedure, the glycosylamine (1.1 mmol) was added to a stirred solution of Fmoc-peptidyl isocyanate (1.0 mmol) in DCM at 0°C followed by N-methylmorpholine (1.2 mmol). The reaction was complete with in 1.5-2 h which can be judged by TLC (Scheme 2). The product was isolated as white solid after work up and recrystallisation using hexane/ethyl acetate (Table 2 ). This scheme is simple and efficient when compared to earlier method where the procedure makes use of glycosyl isocyanate, the preparation of which needs handling of harmful reagents.
Further, the neoglycopeptidylureas were also prepared employing Fmoc-peptidyl carbamates. The active carbamates were prepared by the reaction of Fmoc-peptidyl isocyanates with 2,4,5-trichloro phenol (Scheme 3). These active carbamates react with glycosylamines in the same way as Fmoc-peptidyl isocyanates do. The added advantage is that these Scheme 2. Preparation of Fmoc peptide isocyanate and coupling with glycosylamine to get C-terminal neoglycopeptidylurea. active carbamates have long shelf life and more stable even at room temperature than corresponding peptide isocyanates. These active carbamates when added to a solution of glycosylamine in presence of a base at lower temperature, reacted in almost same rate as isocyanates with glycosylamines and the products were isolated as pure white solids after work up and recrystallisation (Scheme 3).
CONCLUSION
A simple and efficient procedure for the synthesis of C-terminal neoglycopeptidylureas in solution phase has been demonstrated. The method makes use of Curtius rearrangement for the conversion of Fmoc peptide acid azide to corresponding isocyanate which couples with protected glycosylamine to incorporate a urea bond in between. The active carbamates prepared by trapping the peptidyl isocyanates with trichloro phenol were also employed for the synthesis of neoglycopeptidylurea. All the neoglycopeptidylureas have been isolated in good yield as stable white solids which are fully characterized. 
